Introduction
Microorganisms are indispensable resources for the discovery of life-saving antibiotics, immunosuppressants, and antitumor drugs. Genome sequencing projects did not only confirm the metabolic prowess of bacteria and fungi for the production of such compounds, but they also unveiled a huge potential for the discovery of as yet untapped chemical diversity. In the past decade, various strategies have been explored to access the metabolites from orphan biosynthetic pathways, among which the empirical alteration of growth conditions is particularly appealing due to its simplicity and broad applicability. In order to avoid extensive and time-consuming screening programs, a miniaturization of this cultivation-based approach is highly desirable.
Methods
We are developing a microfluidic platform, which integrates high-throughput cultivation of microorganisms and consecutive bioactivity testing. To this end, we designed and evaluated different microfluidic operation units which enable the generation of discrete microcultures via a two-phase segmented flow and further provide an assay platform. The latter allows a metered addition of fluorescent test organisms to single chip compartments. Growth-inhibitory effects indicating the presence of antibiotics can subsequently be monitored by automated detection using a microscope with high-speed camera.
Results
We demonstrated the feasibility of a chip-based cultivation for diverse microorganisms. Noteworthy, our microfluidic operation units did not only support the growth of unicellular bacteria, but they also promoted the proliferation of filamentous and mycel-forming microorganisms, which represent the majority of industrially used strains for antibiotic production. Biomass yields that were achieved by chip-based cultivation were comparable to shake flask cultures, albeit they did not reach the level that can be obtained by fermentation in a bioreactor.
Conclusion
Here, we present our recent progress on the generation of disposable lab-on-a-chip devices that support the growth of unicellular and mycel-forming microorganisms. The chips are furnished with a convenient fluorescence-based bioassay which allows the detection of small quantities of antibiotics.
